ABSTRACT
The aim of the present study was to obtain standardized scores that correspond with the raw scores on the four Rasch scales of the Benzodiazepine Dependence-Self Report Questionnaire (Bendep-SRQ). The eligible normative group for standardization of the Bendep-SRQ scales consisted of 217 General Practice (GP) patients, all using benzodiazepines. Two standardization methods were used and compared: 'classical standardization' which transforms raw scores into standard scores on the unit normal distribution and 'latent trait standardization' which transforms raw scores into latent trait scores. The latter requires the Rasch model with the additional assumption of a normally distributed latent trait, which held true for the scales 'Problematic Use', 'Lack of Compliance' and 'Withdrawal', but not for 'Preoccupation'. The observed 'unequal item spacing' on the 'Preoccupation' scale was hypothesized to induce a response tendency of 'non-deviation', causing a local violation of the assumption of a normally distributed latent trait. Nevertheless, comparison of the results of the two standardization methods revealed such a high degree of resemblance, that latent trait standardization could be used for 'Preoccupation' just as well as classical standardization.
The presented standard scores and corresponding percentile ranks make raw Bendep-SRQ scores clinically interpretable in relation to the normative GP sample. Incorporation of the Rasch scaling methodology into the development of the Bendep-SRQ marks the adoption of the item response theory in the field of applied test methodology. In this process, it appears that 'equal item spacing' has to be taken into account to prevent local violations of the Rasch model with the additional assumption of a normally distributed latent trait.
INTRODUCTION
Previous reports have outlined the development of the Benzodiazepine Dependence SelfReport Questionnaire (Bendep-SRQ ), an instrument which to reflect the severity of benzodiazepine (BZD) dependence comprehensively. [1] [2] [3] So far, these studies have concentrated on the investigation of the psychometric properties of the Bendep-SRQ in outpatients who were using benzodiazepines (BZDs). Four Bendep-SRQ item sets consistently met the scalability requirements of the Rasch model and therefore constituted proper Rasch homogeneous scales.
Corresponding with the specific Rasch item orders, theoretical rationales could be formulated to support the construct validity of these scales, which were condensed into the designations 'Problematic Use', 'Preoccupation', 'Lack of Compliance' and 'Withdrawal'. 1 In terms of subject discriminability, item discriminability and test-retest stability, the reliability of these scales appeared sufficiently good and their concurrent and discriminant validity was supported by factor-analytical results. [1] [2] [3] As a result of these studies, the Bendep-SRQ is presently a self-report instrument which provides a reliable and valid profile of four raw scale scores with regard to the severity of BZD dependence. However, such raw scores on psychometric instruments are usually too arbitrary for meaningful interpretation in clinical practice. The values of the mean, standard deviation and possible range of scores depend to a large extent on the formulation and selection of items prior to test construction. Unless the mean, standard deviation and the shape of the score distribution are known, no proper interpretation can be attached to the original raw scores. To solve this problem, it is customary to standardize psychometric instruments with respect to a normative population and derive standardized scores or 'norms'. The aim of the present study was to derive such norms for the Bendep-SRQ scales, on the basis of a normative population of outpatient benzodiazepine (BZD) users. For this purpose, conversion tables were composed, which permit the transformation of raw scores into standard scores. In addition to the classical method of transformation, a new and more theoretically-orientated method of transformation was applied based on the Rasch scaling model. 4, 5 The latter was justified, because the Rasch model has
already been used to demonstrate the scalability of the four Bendep-SRQ scales. Below, this new method of transformation is referred to as 'latent trait standardization', as it is based on a special case of the Rasch model, i.e. the Rasch model with the extra assumption that the latent subject trait is normally distributed.
METHOD

Standardization
To be able to interpret results of psychological tests, it is necessary to compare the raw scores to standards obtained from larger groups of subjects. A psychological test is said to be standardized when transformed scores, so-called norms, are available, which are based on a reference group of acceptable size. The scores of subjects take on meaning in relation to this standard, c.q. normative group. This procedure of obtaining norms is known as standardization.
Normative sample
To standardize scales, they have to be administered to a sample of subjects which properly represents the population for which the test is intended. The aim of the present study was to derive norms referring to a general standard population of outpatient BZD users. From earlier studies on the Bendep-SRQ, three potential normative samples were available: General Practice (GP) patients, psychiatric outpatients and outpatients at community-based addiction centres (CBACs). 2 In the Netherlands, a general practitioner usually prescribes BZDs to alcohol and drug dependent outpatients and chronic psychiatric outpatients. As such, CBAC outpatients and many psychiatric outpatients are also represented in a GP population. Therefore, the GP sample was considered to be the eligible normative sample for the computation of norms for the Bendep-SRQ scales.
Settings and subjects
The data for this study were obtained from nine general practices. To participate in the investigation the subjects had to meet the following inclusion criteria: 1) actual BZD use; 2) average frequency of BZD use of at least once a week; 3) age between 17 and 70 years; 4) ability to speak and read Dutch. Patients who visited the general practices during the period of investigation were screened according to these inclusion criteria. Eligible patients were asked to participate by the GP's assistant. Informed consent was obtained from 65% (217 out of 334) of the eligible GP patients.
Study design
The present study formed part of a larger project being conducted by the University of Nijmegen Research Group on Addictive Behaviours (UNRAB) in the Netherlands on the detection and diagnosis of BZD dependence. The study population participated in two interviews, described in detail in earlier reports, 1, 3 in which sociodemographic data were gathered and several questionnaires and structured interviews were administered, including the Bendep-SRQ. The present study concentrated entirely on the Bendep-SRQ data acquired in the first interview. The sociodemographic characteristics of the GP samples have been reported previously.
3,6,7
Bendep-SRQ
The Bendep-SRQ was constructed at the Department of Psychiatry of the University Hospital Nijmegen, the Netherlands, with the aim of reflecting the severity of BZD dependence. The construction process of the Bendep-SRQ and its composition have been described previously.
1
Analogously to this earlier study, the items of the Bendep-SRQ scales, which were originally 5-point rated, were dichotomized between the response options 2 (this is not true for me) and 3 (this is partly true, partly false for me) in order to apply Rasch analysis.
Conventional Rasch analysis
By using the Bendep-SRQ scales, which are the sum scores of the dichotomized item responses, certain assumptions are implicitly made. These are specified in the Rasch model. To justify the use of the sum scores, these assumptions must be tested, which implies that the Rasch model should hold true. The assumptions from which the Rasch model can be derived 5 and the required additive structure underlying the observed data, have been recapitulated in previous reports. 1, 6 In essence, while the item responses depend on the respective underlying probabilities in a random way, the response probabilities themselves depend in a deterministic way on the subject and item scale values. According to the Rasch model, both subjects and items can be arrayed on a common unidimensional scale and the items have equal discriminative power (i.e.
the property of equi-discriminability). Glas 8 has developed two statistical tests for the dichotomous Rasch model, known as R1 and R2. The statistic R1 is especially sensitive to equi-discriminability, while the statistic R2 is sensitive to unidimensionality and local stochastic independence. If R1 is not significant at the 1% significance level (P> 0.01) the null hypothesis that all the items have equal discriminative power cannot be rejected and equi-discriminability can be assumed. Similarly, unidimensionality and local stochastic independence hold true when R2 is not significant (P> 0.01). Rasch-homogeneity is demonstrated if both statistics hold true, meaning that the sum score across items is a sufficient statistic for the subject scale and that the sum score across subjects is a sufficient statistic for the underlying item scale.
Preceding standardization of the raw Bendep-SRQ scale scores, the Rasch-homogeneity of the items in the Bendep-SRQ scales was re-assessed with respect to the present normative GP sample by testing the Rasch model as described above, i.e. without any additional assumptions.
To compute R1 and R2 the Rasch Scaling Program (RSP) was used.
9,10
Standardization using the Classical Method
The classical method of test standardization is a frequently used procedure, which consists of the transformation of the raw score into the normal form. Usually, z-scores are linearly transformed (multiplication by a constant and subsequent addition of a constant) to change the SD and the mean in order to eliminate negative values.
Standardization using the Latent Trait
In the Rasch model for dichotomous items, the item response function is defined as the probability of the response as a function of a latent trait. 4, 5 A special case of the Rasch model makes the additional assumption that the latent trait has a normal distribution. Such a latent trait distribution could be used for the standardization of a scale instead of the observed score distribution. Theoretically, this appears to be only justified when the Rasch model with a normally distributed latent trait holds true. Therefore, before applying the model for standardization purposes, it should first be tested whether this special case of the Rasch model holds true or not. For this purpose RSP computes the statistic R0, which is based on a comparison of the observed score distribution and the expected score distribution. R0 is especially sensitive to violation of the assumption of a normally distributed latent trait. 9, 10 However, the statistics R1 an R2 are then also computed on the basis of a normally distributed latent trait. When the Rasch model with the additional assumption of a normally distributed latent trait holds true, RSP also generates aposteriori estimates, the so-called latent trait scores, which reflect the correspondance between the latent trait and the sum scores. These latent trait scores are computed as the expectation of latent trait given the sum score.
11,12
Comparison of the standardization methods
To compare the Rasch latent trait method with the classical method, the latter was also applied to the expected score distribution (i.e. the expected sum score distribution when the Rasch model with a normally distributed latent trait holds true) instead of the observed score distribution (described above in the section on the classical method). To evaluate the differences between the standardization methods, the z-scores of these three methods were plotted in a 
RESULTS
Conventional Rasch analysis
Results of the Rasch analyses on the Bendep-SRQ scales are displayed in Table 1 . The results were all non-significant (P> 0.01), which confirmed the 'goodness of fit' of the Rasch model without the additional assumption of a normally distributed latent trait for all four Bendep-SRQ scales in the present normative GP sample. Table 2 Table 3 shows transformation of the sum scores for all the Bendep-SRQ scales into the normal form.
Classical standardization
Rasch latent trait standardization
RSP uses the method of Marginal Maximum Likelihood (MML) estimation to estimate the values of the mean and SD of the normally distributed latent trait. The results of the Rasch
analyses with the additional assumption are displayed in Table 4 .
The null hypothesis that the latent trait has a normal distribution was not rejected for 'Problematic Use', 'Lack of Compliance' and 'Withdrawal' (P> 0.01). Therefore, the Rasch latent trait standardization method can evidently be applied to these three scales. However, the question arose how to explain the significant result in the case of 'Preoccupation'.
In Figure 1 the observed frequency distributions of the sum score as well as the expected frequency distributions are displayed. In the case of 'Preoccupation' relatively large discrepancies are salient between the observed frequencies and expected frequencies corresponding with scores 3 and 4. These discrepancies also made the largest contributions to R0. In Figure 2 , which displays the item scale values for the Bendep-SRQ scales as yielded by Rasch analysis with the additional assumption of a normally distributed latent trait, it is salient that the 'Preoccupation' items are not equally spaced along the scale. In the case of 'Preoccupation', Figure 2 shows a gap between the third and fourth items. The significant R0 result for this scale can now be explained by assuming that subjects who are located in such a gap in the scale have a tendency 'not to deviate'; thus they respond positively to the previous item and negatively to the following item. This tendency of 'non-deviation' might explain why in the case of 'Preoccupation', the observed frequency of a sum score of 3 was higher than the corresponding expected frequency, while the observed frequency of a sum score of 4 was lower than the corresponding expected frequency (see Figure 2 ). According to this explanation, the observed number of subjects who responded positively to item 3 and had a sum score of 3 is expected to be larger than the expected number according to the model. Indeed, the observed number was found to be 68, whereas the expected number was equal to 49.98. Similarly, the observed number of subjects who responded positively to item 4 and had a sum score of 4, should be smaller than the expected number according to the model. In accordance with this expectation, the observed number was found to be 20, whereas the expected number was equal to 34.13.
According to this explanation, the Rasch model is only violated locally, i.e. only by subjects with scale values within these gaps. However, the assumption of an underlying normally distributed latent trait has not necessarily been violated. Note that there is also a considerable gap between the fourth and fifth 'Lack of Compliance' items (see Figure 2 ). The number of subjects reflected by the area below the normal curve and between the two Rasch scale values adjacent to the gap can easily be calculated by converting the Rasch scale values into z-values on the unit normal curve with zero mean and a SD of 1. As the scale values of these items are -0.154 and 3.716, respectively, and *: at midpoint the mean and SD of the latent subject distribution are -4.409 and 2.921, respectively, the proportion of subjects between these scale values is: P(-0.154 < s < 3.716) = P(1.457 < z < 2.782) = 0.99 -0.92 = 0.07. This is only slightly more than five per cent. Due to this small proportion, the effect of the non-deviant response tendency was not strong enough to violate the Rasch model in this case. Likewise, the percentage of subjects between the scale values which belong to the third and fourth 'Preoccupation' items is equal to 43 (0.83-0.40). In order to compare these percentages, they were divided by their standardized scale distances, which gave 5 per cent for 'Lack of Compliance' and 35 per cent for 'Preoccupation'. These relative percentages show clearly why the effect of the non-deviant response was strong enough to reject R0 in the case of 'Preoccupation', but not in the case of 'Lack of Compliance'.
In Table 5 the latent trait score estimates (the expected aposteriori estimates of the latent trait scores) and the corresponding z-scores are shown for the Bendep-SRQ scales. The z-scores were computed with the corresponding mean and standard deviation of the latent trait distribution, which are given at the bottom of Table 5 . As the Rasch model with the additional assumption of a normally distributed latent trait does not hold true for 'Preoccupation', the question arises as to whether it would still be justified to use the results shown in Table 5 to standardize these scales.
In order to answer this question, these results were compared below with the standardization results using the classical method of standardization. 
Comparison of standardization methods
While Table 2 shows the results of the transformation of the sum scores (x) based on the observed frequencies into normal standard deviation units (z) for 'Problematic Use', Table 6 shows the results of the transformation of the sum scores (x) based on the expected frequencies into normal standard deviation units (z) for 'Problematic Use'. In Table 7 the results of the latter transformation are displayed for all the Bendep-SRQ scales.
If one compares the z-values obtained from the different methods of standardization which have been used, which are:
1. Classical standardization based on the observed frequencies (Table 3); 2. Rasch standardization based on the expected aposteriori estimates of the latent trait (Table   5 );
3. Classical standardization based on the expected frequencies (Table 7) , then the following conclusions can be made:
A. The differences in z-values between the two classical methods (observed frequencies versus expected frequencies) are negligible. This is caused by the fact that the observed and expected frequencies do not differ very much. 
DISCUSSION
The primary aim of the present study was to derive standard scores or norms that correspond with the raw sum scores of the Bendep-SRQ scales, in order to facilitate the clinical interpretation of the BZD dependence severity profile composed by these scores. For this purpose, the 'latent trait standardization' method was introduced by applying a special case of the Rasch scaling model to the Bendep-SRQ scales, i.e. the Rasch model with the additional assumption of a normally distributed latent trait. In contrast with the classical method of test standardization, latent trait standardization is theoretically backed-up by item response theory models, in which an assumption is made about the distribution of the latent trait in a normative population. This implies that standard scores can be derived which correspond with estimates of the latent subject trait instead of the observed scores. This is preferable, because the primary aim of a scale is to reflect the latent subject trait as accurately as possible. Table 5 ).
Likewise, the raw scores 2 and 4 correspond with the percentile ranks of 64.47 and 91.48, and so on. For each Bendep-SRQ scale, the percentile ranks given in Table 5 clearly outline the relative positions of subjects on a normal curve which reflects the latent subject trait. To guide clinical interpretation of the percentile ranks, corresponding designations of severity are stated in the legends of Table 5 . Hence, the severity designations corresponding with the above-mentioned scores on 'Problematic Use' are 'very high', 'high' and 'very high' respectively. This interpretation makes it clear that a score of 1 reflects much greater severity of the latent traits of all the Bendep-SRQ scales than a score of 0. It also shows that the 'Lack of Compliance' scale is particularly discriminative with respect to the highest levels of its latent trait, because scores of 2 to 5 all fall into the 'very high' category. 
NOTE
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